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Consequences of the ‘jacketed’ effect on mesomorphic and orientational 
properties of ‘side-on fixed’ liquid crystalline polymers 
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Avenue A. Schweitzer, F-33600 Pessac, France 
f Laboratoire Leon Brillouin, CEA-CNRS/CE Saclay, F-91191 Gif sur Yvette, France 

(Received 6 August 1993: accepted 6 December 1983) 

The mesomorphic properties have been studied as a function of the degree of 
polymerization for certain ‘side-on fixed’ polyacrylates. A peculiar evolution of the 
clearing temperature, TN, as well as of the glass transition temperatures, q, revealed 
that beyond a certain backbone length, TN and T’ decrease as the main chain length 
increases. The nematic ‘jacketed’ structure of these polymers induces a more or less 
high anisotropy of the polymer backbone conformation in the nematic phase and 
this can counterbalance the usual effect of an increase in the degree of polymeriz- 
ation on the thermodynamical properties of these systems. This evolution allows us 
to explain the unusual diamagnetic anisotropy anomaly observed as a function of 
temperature for this type of polymer. 

1. Introduction 
‘Side-on fixed’ liquid crystalline polymers form a peculiar class of side-chain 

mesomorphic polymers in which the mesogenic moities are laterally fixed to the 
polymer backbone in the dircction perpendicular to their molecular long axes via a 
flexible spacer (see figure 1). They generally exhibit only the nematic phase [l-61. 

Previous small angle neutron scattering studies on these polymers have shown their 
strong tendency to adopt a highly prolate conformation in the nematic phase and 
clearly revealed the so-called nematic ‘jacketed’ effect resulting in a large main chain 
extension in the direction of the external magnetic field, the mesogenic groups forming 
a jacket around the backbone [7-111. 

This polymer anisotropy is clearly influenced by the nature [9] and the length of the 
backbone [S], by the spacer length [ 9 ]  and by the mesogen density along the main 
chain [S, lo]. Specifically, the influence of the ‘jacketed’ structure decreases as the 
backbone length or the spacer length increases and as the fixation rate of the mesogenic 
groups on the backbone decreases. 

Figure 1. Schematic representation of a ‘side-on fixed’ polymer. 

* Author for carrespondence. 
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1074 N. Leroux et al. 

Besides this, diamagnetic anisotropy measurements on 'side-on fixed' polysiloxanes 
have revealed an anomaly in the thermal evolution of the diamagnetic anisotropy in the 
nematic state [4,6]. The existence of this anomaly is strongly connected to structural 
parameters: an increase in the spacer length [4] or in the length of the aliphatic tails [ 6 ] ,  
or a diminution in the fixation rate of the mesogenic moities on the backbone 161 leads 
to the disappearance of this anomaly. 

In this paper, our aim is to investigate the possible influence of the nematic 
'jacketed structure both on the mesomorphic and the orientational properties of 'side- 
on fixed' polymers. Two parameters which strongly modify the strength of the jacketed 
effect have been varied, namely the length of the backbone and the length of the spacer. 

2. Mesomorphic properties 
The polymers investigated have the following general formula: 

f CH -CH2 k 
I 

co 
I 
0 
I 

(CH2)" 
I 
0 
I 
co 

These polyacrylates are labelled PA,,,,, where n is the spacer length (n=4 or 6). 
The average molecular weights (M,) and the polydispersity index ( I )  were 

determined by analytical Gel Permeation Chromatography (GPC) using three 
7.8 x 300 mm Ultrastyragel columns of I 04, l O3 and 500 A (from Waters Associates) 
with toluene as eluant. The calibration was done with standard polystyrenes. As the 
molecular weight distributions of the crude materials were broad (see table l), 
successive fractionations were performed using a semi-preparative G P C  (19 x 300 mm 
Ultrastyragel column of 10, A) using toluene as eluant. 

The average molecular weights (M,) and the polydispersity indices ( I )  of the 
fractions were determined by analytical GPC with respect to polystyrene calibration. 
As seen in table 2, the set of fractionated samples allowed us to scan a large range of 
degrees of polymerization. The polydispersity is considerably reduced by comparison 
with the crude materials. However, to achieve a further significant decrease in the 
polydispersity index would involve numerous additional fractionations and very large 
amounts of available starting materials. Note that the PA6,4,+ has undergone fewer 
successive fractionations. 

The transition temperatures measured by optical microscopy for each fraction (see 
table 2 )  correspond to the first appearance of the nematic phase with decreasing 
temperature (1°C min- ') from the isotropic liquid. In agreement with the I values, we 
still observe a small biphasic region at the isotropic-nematic transition. The glass 
transition temperatures T,  determined by DSC (Pcrkin-Elmer DSC7, heating rate 
10°C min - I )  are also reported in table 2. 

Two striking features are immediately obvious from the data in table 2: they 
concern the evolution of the transition temperature TN and of the glass transition 
temperature Tg as a function of the degree of polymerization. As usually observed for 
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Side-on $xed liquid crystalline polymers 1075 

Table I .  Average molecular weight (A?,), polydispersity index (I) and clearing temperature ( TN) 
for the two polyacrylates PA,,,,, and PA6,,,& 

Crude polymer M W  I TN/OC 

PA,, 4.4 40000 2.7 113 
40000 3.7 106 

Table 2. Average molecular weight (M,), polydispersity index ( I ) ,  average degree of polymeriz- 
ation (m,) clearing temperature ( TN) and glass transition temperature (T,) for the 
fractions of the two polyacrylates PA,,,,, and PA6,,,,. 

PA,.,,, PA6,4,4 

- __ 
a, D P ,  I TJC M ,  DP, I lJ"C T,/T 

~~ 

83000 
66200 
56 100 
45100 
32800 
26700 
24100 
16300 
11200 
7800 

129 
103 
87 
70 
51 
42 
38 
25 
17 
12 

1.2 108.8 37 137000 206 1.5 1025 36 
1.2 112.9 40 107000 160 1.5 105.3 37 
1.3 113.5 44 67000 101 1.3 106.7 38 
1.2 113.2 48 37000 56 1.4 106 38 
1.5 113.1 49 22000 33 1.7 103.5 36 
1.5 112.1 49 8300 12 1.5 92 31 
1.6 111.2 49 
1.6 105.3 47 
1.5 101.3 46 
1.5 98.3 45 

side-chain liquid crystalline polymers, TN first increases with the degree of polymeriz- 
ation, reaching a plateau. But as the degree of polymerization further increases, we 
observe an unusual diminution of the transition temperature (see figure 2). A similar 
behaviour has been suggested for some new polynorbornenes [12]. 

As shown in figure 3 a comparable evolution is evident for the glass transition 
temperature versus the degree of polymerization. Such a decrease of T, has been already 
reported for side-on fixed polysiloxanes [S]. 

These unusual behaviours could be closely related to the 'jacketed' effect which was 
recognized to be less efficient for long polymer backbones (probably due to elbows or 
hairpins) [8]. Indeed, the isotropic to nematic phase transition temperature plateau is 
observed for polymers with medium m, which exhibit a significant anisotropy of the 
global main chain conformation, with an extension in the direction of the nematic 
director. For larger degrees of polymerization, the chain anisotropy weakens and hence 
the clearing temperatures decrease. 

These unusual evolutions of qN and 5 are observed for both spacers (n  = 4 and 6): 
beyond a certain degree of polymerization, the clearing temperature and the glass 
transition temperature decrease as w, increases. Nevertheless, a quantitative 
difference seems noticeable between the two spacers: qN, as well as Tg ,  decreases more 
steeply for the shorter spacer (n = 4). The spacer length influence on the behaviour of 
these temperatures can be connected to the earlier result on 'side-on fixed' polyacry- 
lates [9]: the shorter the spacer, the stronger is the nematic 'jacketed' effect. The 
particular structure of 'side-on fixed' polymers creates strong interactions between the 
main chain and the mesogenic cores, so that the mesomorphic properties are highly 
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T 1°C 120 
IN A PA4,4,4 

0 PA6,4.4 

A 
0 

A o  0 

DPw 
Figure 2. Evolution of the isotropic-nematic transition temperature as a function of the 

average degree of polymerization for the two polyacrylates PA4,4,4 and PA6,4,4. 

T g / ’ C  60 
A PA 4,4,4 

-i_._: 100  200 - 20 0 
DPw 

Figure 3. Evolution of the glass transition temperature as a function of the average degree of 
polymerization for the two polyacrylates PA4,4,4 and PA6,4,4. 

influenced by the global conformation of the system. Therefore the nematic ‘jacketed’ 
effect plays a decisive role in controlling the nematic phase organization. 

Because of this unusual decrease in the clearing temperatures of ‘side-on fixed’ 
polyacrylates, a new explanation for the diamagnetic anisotropy anomaly can be now 
considered: on decreasing the temperature from the isotropic state, the first isotropic- 
nematic transformation will be due to the polymer molecules with medium degrees of 
polymerization. The resulting monodomain at  equilibrium can be disturbed (probably 
due to entanglement) by the alignment process of the longest chains at lower 
temperatures. Therefore we could explain the anomaly by a combination of some 
molecular weight heterogeneity and the ‘jacketed’ effect, so creating a non-regular 
orientation of the system in the nematic phase. A good way to prove this assumption is 
to make diamagnetic anisotropy measurements on ‘side-on fixed’ polymer fractions 
with different molecular weights, especially with a short spacer, leading to a strong 
nematic ‘jacketed’ effect. 

3. Diamagnetic anisotropy measurements 
The diamagnetic anisotropy AX was evaluated for the nematic phase from 

measurements of the diamagnetic susceptibility in the direction parallel to the magnetic 
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AX / lo7 cm3 g -I 

PA444 crude material 

0.3 

0.1 O l /  

0.0 ' L I I 

- 4 0  -30 -20 - 1  0 0 
(T - Tin) / O C  

(4 

n r  

PA444 sample A I 
"'" c 

, ,  I ,  I .  l..i .. 
0.0 

- 4 0  -30 -20 - 1 0  0 

0.1 1 0.1 1 ,  I ,  I .  l..i .. 
0.0 

- 4 0  -30 -20 - 1 0  0 
(T-Tin) / O C  

(4 

0.5 
PA444 A + 15% B 

A 0.2 

0.0 
0 

O . ' I  . I . , . I A:A* 

- 4 0  -30 -20 - 1 0  

(T - Tin) / "C 
(4 

Figure 4. Thermal evolution of theiamagnetic anisotropy Ax (a) for the crude polyacrylate 
PA,,,,,, (b)  for fraction A (DP,=15, 1=1.7) of the polyacrylate PA,,,,, and (c) for 
fraction A containing 15 wt% of fraction B (B, = 60, I = 1.3). 
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field, x II H ,  using a Faraday Balance [ 1 31 

where j j  is the average susceptibility measured in the isotropic state. 
The magnitude of the magnetic field was 1.5 Tesla. In a uniaxial nematic phase, this 

expression represents the macroscopic order parameter which is directly connected to a 
single orientational order parameter which has been introduced in the Maier and 
Saupe theory [!4] under certain conditions, namely that the molecules must have a 
cylindrical symmetry and that no change of the molecular shape occurs with 
temperature. 

The magnetic measurements, described here, were carried out as a function of 
temperature for the ‘side-on fixed’ polyacrylate PA4,4,4. The information they give is 
only qualitative since they have been realized without any kinetic treatment. In 
particular, we obtain values of Ax at low temperature which are probably not the 
saturated values. 

Originally, the crude polydisperse PA,, 4, , exhibits an anomaly (see figure 4 (a)). 
Then we studied a fraction labelled A ,  with a small average degree of polymerization 
( D P ,  = 15, I = 1.7) and whose highest molecular weight is still low (M,,, =20 000), so 
that it corresponds to the region having an usual TN evolution. The result is reported in 
figure 4 (b). Obviously there is no anomaly in the thermal evolution of the diamagnetic 
anisotropy; this sample A which does not have any high molecular mass content, 
exhibits the usual evolution of Ax. Thus it appears that no anomaly occurs for short 
polymer chains. 

To study the influence of molecular weight on the thermal evolution of Ax, we 
added to the sample A 15 wt per cent from a fraction of the same polyacrylate, labelled 
B, which has on average a higher degree of polymerization (m, = 60, I = 1.3) and 
whose highest molecular weight is large and corresponds to the w, region exhibiting 
an unusual decrease in qN. An anomaly in Ax is again detected (figure 4(c)). This 
observation is quite new: from a normal behaviour observed for the thermal evolution 
of the diamagnetic anisotropy for a low molar mass ‘side-on fixed’ polymer, an 
anomaly in Ax is created by the presence, even in small proportions, of the same 
polymer corresponding to a higher molecular mass fraction. 

Thus we have evidence for the influence of the dispersity of the molecular weight, via 
the ‘jacketed’ effect, on the anomaly of the thermal evolution of the diamagnetic 
anisotropy. The presence in small proportions of long polymer backbones can explain 
the unusual behaviour of Ax as long as the ‘jacketed’effect is relevant. This was notably 
the case for the ’side-on fixed polysiloxanes previously studied [4,6,8]. For example, 
the polysiloxane which has the same mesogenic group as that used here, with a spacer 
length equal to 4, and whose average molecular weight was about 42 000 [6], included a 
small amount of materials with molecular weights up to 86 000; this system is strongly 
‘jacketed’ in the nematic phase [8] and exhibits an anomaly in the thermal evolution of 
Ax. Therefore this ‘artefact’ of the orientational order is a natural consequence of the 
‘jacketed‘ effect, which depends on the polymer size. 

AX = 3 M x  /I H - X h  

4. Conclusions 
‘Side-on fixed’ liquid crystalline polymers offer a class of nematic polymers which 

exihibit a more or less pronounced ‘jacketed‘ effect depending on molecular para- 
meters. Increase in the degree of polymerization, which generally tends to increase the 
clearing temperature and the glass transition temperature, is balanced in such ‘side-on 
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Side-on j x e d  liquid crystalline polymers 1079 

fixed' polymers by the opposing influence of the decrease in the anisotropy of the 
polymer by reduction of the 'jacketed' effect. 

Consequently, this unusual main chain length dependence of the thermal properties 
allows us to explain the diamagnetic anisotropy anomaly previously reported in the 
high temperature range of the nematic phase. 

Finally, it is worth noting that for the same mass distribution (in polysiloxanes 
synthesized from the same preformed backbone) the amplitude of this anomaly 
decreases as the 'jacketed' effect decreases, for example, by increasing the length of the 
spacer or the aliphatic tails or by reducing the proportion of the mesogenic units along 
the main chain [6]. 
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